
controlled trials offer a solution to this problem, because they test a 
smoking cessation intervention in the most rigorous way .possible 
using human subjects (2, 37, 70). However, even in such trials, those 
assigned to the no-intervention group modify their smoking habits, 
and those assigned to the intervention group have incomplete 
success in quitting. 

Ideally, each risk factor should be treated independently, but 
modification of one risk factor often results in changes in other risk 
factors. For instance, some studies have noted that cigarette smoking 
cessation can lead to a modest weight gain (3, 26, 47). In a good 
primary prevention program there would be an effort to reduce or to 
eliminate the weight gain that sometimes accompanies cessation. 
Although the multifactorial approach is less precise, it has been 
considered to be a more practical approach to the problem. There has 
been only one trial of smoking cessation per se (50, 51). 

Two types of primary prevention trials involving smoking cessa- 
tion are underway. The first type of study, exemplified by the 
Multiple Risk Factor Intervention Trial (MRFIT), selected subjects 
at high risk of CHD based on a combination of cigarette smoking 
history, elevated blood pressure, and high serum cholesterol level 
(43). Subjects were then randomized into either a special treatment 
group or a comparison group. The Whitehall study (50, 51) and the 
Oslo study (27) are also of this type. 

In the second type of study, communities or groups rather than 
individuals are randomized into a treatment or a control group. The 
WHO heart disease study randomized men according to the factory 
where they work and followed the individual factory workers (70). 
The North Karelia study randomized two separate communities in 
Finland (48). Whereas the factory workers were individually fol- 
lowed, the communities were monitored only in a cross-sectional 
manner and individuals were not followed longitudinally. 

The primary hypothesis in these studies is that reduction of the 
risk factors will reduce the incidence of and mortality from CHD. 
The first step in testing this hypothesis requires that the subjects or 
groups be successfully recruited and categorized at entry to the study 
and that a very high percentage be successfully followed for the 
duration of the study. 

The second step in testing the hypothesis requires the successful 
reduction of the major risk factors-smoking, high blood pressure, 
and high serum cholesterol. Often a selected subsample of high risk 
subjects receives more intensive individual intervention, but the rest 
of the treatment group receives only community health education. It 
is not known how large a reduction in risk factors is necessary to 
observe a decrease in CHD, except that the larger the reduction in 
risk factor the greater the chance for a decrease in CHD. Specific 
goals for reduction of risk factors can be based on the presumption 
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that such reduction would result in a statistically significant 
decrease in the incidence of and mortality from CHD according to 
the observational epidemiologic studies. The relationship between 
the reduction of this risk score and actual reduction in the frequency 
of disease is, of course, the hypothesis being tested. 

The third and most critical step depends on the first two: that is, 
the measurement of outcome-changes in the incidence of or death 
from CHD. The ability to measure the incidence requires careful and 
unbiased monitoring of the sample. The determination of total and 
cardiovascular mortality is much simpler, since it depends only on 
minimizing the number of participants lost to followup. The commu- 
nity studies attempt to compare the death rates between two or more 
communities, and the power of such a statistical test is obviously 
very weak. 

Roth the community studies and the individualized studies are 
also confounded by the uncertainty of the interval between risk 
factor change and reduction in risk of disease. Those subjects most 
likely to die or to have a heart attack in the first few years of the 
study are those with the most extensive disease at baseline. Unless 
the population is followed long enough to include both the lag period 
and the effects of the initial selection of those with advanced 
subclinical disease, a spurious interpretation of the study results is 
possible. 

Generally, studies of experimental communitywide interventions 
are unlikely to determine the efficacy of smoking cessation on 
reducing the incidence of and mortality from CHD because of the 
difficulty in determining the effects of smoking cessation on specific 
individuals in the community and in separating out the effect of 
smoking cessation from other changes in the community. In many of 
these studies the percentage of men who reported quitting smoking 
is relatively small, which reduces the power of the study at least in 
terms of smoking cessation. 

This review focuses on all intervention studies involving smoking 
cessation for which CHD mortality outcome data have been pub 
lished. In another section of this Report a detailed review on 
smoking cessation in clinical and community trials is presented. 
Discussed in detail here are data from the U.S. Multiple Risk Factor 
Intervention Trial (43), the Whitehall study in London, England (511, 
the Oslo study in Norway (27), the WHO European Collaborative 
study (691, and the North Karelia project in Finland (48). Omitted 
from this section are smoking intervention studies without published 
mortality outcome data, such as the Stanford, California, three- 
community study (16), the Stanford five-community study (15), the 
Goteborg, Sweden, study (64, 65, 66), and the Helsinki, Finland, 
study (46). 
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Essential details from each trial are described in the following 
pages and tables. The initial population characteristics and risk 
factor changes are summarized in Table 4. The mortality outcomes 
in the intervention and control groups are summarized in Table 5 for 
coronary heart disease and total mortality. Available results are also 
given for other circulatory diseases, lung cancer, and other cancer. 
The results for the four trials involving cohort mortality followup 
are combined in Table 6. Coronary heart disease incidence rates 
from the Oslo and WHO studies are presented in Table 7. A 
comparison of death rates in the MRFIT intervention and control 
groups as a function of initial smoking status and status at l-year 
followup is summarized in Table 8. Observed deaths in the MRFIT 
and Whitehall studies are compared with expected deaths based on 
general population rates in Table 9. Comparisons of reductions in 
CHD and total mortality from the observational studies and from the 
MRFIT and Whitehall studies are made in Table 10. 

Randomized Controlled Trials of Individuala 
Multiple Risk Factor Intervention Trial 

The Multiple Risk Factor Intervention Trial (MRFIT) was a 
randomized controlled trial to investigate the effect of reducing 
cardiovascular risk factors in a group of asymptomatic men at high 
risk of cardiovascular disease (43). Out of 361,662 men initially 
screened, 12,866 men aged 35 to 57 were selected for the trial 
because they were at increased risk of death from CHD, but without 
clinical evidence of CHD, and agreed to be randomized and reexa- 
mined. A series of three complex screening procedures were used to 
select the final 12,866 men, who constituted only 3.6 percent of those 
screened. Men were designated as at increased risk because their 
levels of three risk factors-cigarette smoking, serum cholesterol, 
and blood pressure (BPtwere sufficiently high at a screening visit. 
All of these men were in the upper 15 percent of a risk score 
distribution based on data from the Framingham heart study; about 
twothirds were in the upper 10 percent of risk. For example, a man 
whose diastolic BP was 90 mm Hg and who reported smoking 30 
cigarettes per day was risk eligible at the 10 percent level if his 
serum cholesterol level was at least 295 mg/dl. The study was 
restricted to men, since including women, with their substantially 
lower risk of CHD, would have necessitated a larger study popula- 
tion. 

The men were randomized into two groups of equal size and 
identical baseline characteristics from December 1973 through 
February 1976. A special intervention (SD group of 6,428 men 
received an intensive counseling program, aimed at cessation of 
cigarette smoking, weight loss, and a change of diet for a reduction of 
elevated serum cholesterol and BP levels. A usual care (UC) group of 



TABLE 4.-Basic description of smoking cessation 
intervention studies of males, including 
demographic characteristics and risk factor 
changes 

Variable 

FhrY Community 
Imiividual intervention intervention intervention 

MRFlT whitehdl onlo WHO North Karelia 

Number in intervention (I) group 6423 
Number in control (0 group 6438 

46.2 
36-57 

90 

Followup period: Start date 1211973 
End date 211982 

Average leagth Gym) 7 

Riskfactor(RFlat&ut 
Cigarette smokers (%) 

Relative change ‘/end 
Belative change/whole period 

Average no./day cigarettes 
Belative change/end 
Relative change/whole period 

serum cholesterol (mg/dl) 
Relative change/end 
Relative change/whole period 

Blocd pressure6 (mm H@ 
Relative change/end 
Relative change/whole peri@ 

Combined change in CHD r&k 

59 
-29% 
-31% 

20 
-3o%c’ 
30% 

251 
-2% 
-2% 

91 
-4% 
4% 

-22.2% 

714 604 24,615 
731 626 25,169 

52.9 45.2 46.5 
40-5940-49 4049 

-100 -100 -100 

1968-70 1972-73 1971-76 
1979 1978 1982 

10 5 6 

100 79.4 
-24% -12% 
-54% -16% 

19.3 12.7 
-33% 37% 
-63% 45% 

60 51.5 
-3.4%’ -2.5% 
-1.9% -3 

11.2 
-10.1% 
-8.9% 

213’ 329 
- -12% 
- -13% 

-4 -* 
- - 
- - 

- - 

217 
a.596 
-1.2% 

138 
-2.0% 
-2.0% 

-11.1% 

1972 1977 -- 
1834 1785 
2665 2616 

-42 -47 
25-59 30-64 

-100 

1972 
1977 

5 

9.4 
-9.8% 

- 

263 
-4.1% 

- 

91.5 
-2.6% 

- 

-17.4% 

‘Relative change = (RF, - RFcMtFc. except for North Karelia. where relative difference in determined from 
(I4 1977 and tIJ2:, 1972. 

’ Estimated fmm avaiL3ble data. 
*Not meamumd or not reported. 
l Riskfactorienot partofinteneotiml. 
‘Diastolic. except for systolic in WHO study. 

6,438 men received annual checkups including medical history, 
physical examination, and laboratory studies at the MRFIT clinics, 
but were referred to their personal physicians or other community 
medical facilities for such treatment of their risk factors as was 
considered individually appropriate. Thus, no intervention program 
was offered to them. The results of their screening and annual 
examinations were provided to their respective physicians who were 
also informed as to the scientific objectives of the study. 

The smoking intervention urged those SI participants who smoked 
cigarettes to quit, but no effort was made to alter the smoking habits 
of those who smoked only pipes and cigars (29). Dosage reduction- 
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FIGURE l.-Mean risk factor levels for cigarette smoking 
by year of followup for Mulcple Risk Factor 
Intervention Trial Research Group participants 

NOTE2 SI idicntea special intervention 
UC indicates UsuaI care 
6,illdicat4aftirraning~t 

SOUFtCI3 Multiple Rid Fwtc.r Intervention Trial Research Group (13). 

switching to cigarettes low in tar and nicotine-was recommended 
only as an intermediate step to cessation. Conventional behavior 
mod ification techniques were used throughout the trial; aversive 
techniques and hypnosis were used in selected instances. Ten-week 
group sessions at the beginning of the trial and 5day quit clinics 
during the final years were found to be particularly successful 
intervention approaches. Further details on  the smoking interven- 
tion are provided in an earlier section of this Report, and the serum 
cholesterol and BP interventions are described elsewhere (43). 

Statistically significant CHD risk factor reductions between the SI 
and UC groups were obtained at each annual  visit. O f particular 
interest was the reduction in number  of cigarette smokers, as shown 
in F igure 1. At the beginning of followup, 59  percent of all men had 
reported themselves as current cigarette smokers. At the E&month 
followup, the stated quit rates were 43 percent for SI men and 14 
percent for UC men; at 72  months, the rates were 50 percent and 29 
percent, respectively. Serum thiocyanate-adjusted quit rates at 12  
months were 31 percent for SI men and 12 percent for UC men; at 72  
months they were 46 percent and 29 percent, respectively. This 
means that the SI group reduced its level of smokers 30 percent more 
than the UC group. The risk factor changes are summarized in Table 
4. 

As of February 23, 1982, after an  average period of followup of 7  
years, there were 260 deaths among the UC men, of which 124 were 
ascribed to CHD and 21 to other cardiovascular causes, as summa- 



rixed in Table 5. There were 265 deaths among the SI men, of which 
115 were ascribed to CHD and 23 to other cardiovascular causes. The 
key mortality endpoint of CHD was 7.1 percent less in the SI group 
than in the UC group, while the death rate for all causes was 2.1 
percent higher for the SI men. The approximate 90 percent 
confidence interval (CI) for the percentage change in CHD mortality 
attributable to MRFIT intervention ranges from a 25 percent 
decrease to a 15 percent increase. There were 34 lung cancer deaths 
in the SI group and 28 in the UC group and 47 other cancer deaths in 
the SI group and 41 in the UC group. 

The number of deaths in the UC group was substantially short of 
expectation for the 6 complete years of followup as well as for the 
average followup period of 7 years, as shown in Table 9. These 
mortality patterns appear to be similar to those seen in healthy 
persons selected for life insurance policies (22, 41). On the basis of 
the design risk factor change assumptions and the Framingham risk 
functions, 442 deaths (including 187 from CHD) were expected 
among the 6,438 UC men by the end of 6 years of followup, but only 
219 (including 104 from CHD) occurred (50 percent of expected); 
about 515 deaths (including 220 from CHD) were expected after 7 
years, but only 260 deaths (including 124 from CHD) occurred. 

At least three possible explanations for these results must be 
considered: (1) such an intervention program is without benefit in 
terms of substantial decreases in mortality; (2) the intervention 
program does affect CHD mortality, but the benefit was not observed 
in this study, an effect of chance; or (3) one or more constituents in 
the intervention program may have had an unfavorable effect on 
survival in some subgroups, offsetting the beneficial effects of others. 

Of these possible interpretations, a combination of favorable and 
unfavorable effects of the intervention program seems most plausi- 
ble to the MRFIT investigators. Even with the unexpected sizable 
risk factor reduction among the UC men, the lower-thanexpected 
UC mortality, and the duration of intervention averaging only 7 
years, the likelihood that these factors resulted in missing an overall 
positive effect is relatively low. The data suggest that except for 
some groups of hypertensive persons, particularly those with resting 
ECG abnormalities, the MRFIT intervention is apparently associ- 
ated with a lower CHD mortality in the SI group. 

The MRFIT data also warrant analysis as an observational study 
(Table 8). Of those who had been cigarette smokers at entry, 1,365 
reported quitting at year 1 interview (and had confirmatory blood 
SCN levels) and 6,298 did not quit. Over an average 6 years of 
further followup, those who quit smoking at year 1 had a 1.10 
percent CHD mortality rate, while those who continued smoking had 
a CHD mortality rate of 2.03 percent. This corresponds to a relative 
risk of 0.54 (1.10/2.03) or a 46 percent lower risk of CHD death for 



TABLE Ei.-Comparison of deaths (d) and death rates (r) in 
the intervention. and control groups of four 
randomized controlled trials 

Cause of death 

Intervention group Control group 

n’ dl’ rc’ dc’ 

MRFlTr ‘I-year deaths 
Coronary heart dieaee 
Other circulatory diaeaae 
Lung cancer 
other cancer 
All other causea 
All cauaea 

Whitehall: l&year de&ha 
colvnaly heart dhaae 
other circulatory dieeaae 
Lung cancer 
Other -r 
All other cawen 
All canam 

oalo: &year death8 
Cmonary heart dinease 

(Fatal Ml and 
sudden cwvnary death) 

Other cimtlatory diaeaw 
All can0e.r 
All other cawes 
Allcauaea 

WHO: 6year deaths 
coroMryheartdisurse 
All other causes 
All CauNH 

.0179 

.00.36 

.0053 

.a073 

.@I72 

.a412 

.0666 

.0162 

.0252 
St392 
0210 
.17!23 

.0099 
II033 
.0033 
.mio 
.om6 

.OMO 

115 .0193 124 -7.1 
23 .m3 21 +9.El 
34 a043 28 + 21.6 
47 a064 41 +14.8 
46 .0071 46 +0.1 

265 .oQoll- 260 +2.1 

49 .0348 
13 .0164 
19 .0326 
26 .0164 
15 a246 

123 .I761 

6 .0222 14 -55.4 
2 .0016 1 + 106.3 
5 .0127 6 -34.6 
3 .0016 1 +212.5 

16 a362 24 -30.6 

367 .0162 
630 a253 
997 a415 

62 -19.1 
12 +11.0 
24 -23.2 
12 + 139.0(p=.Olf 
16 -14.6 

128 -1.6 

355 -7.4 
+o.a 
-2.7 

’ Death mte (r) equala deatha (d) divided by initial number in group. 
’ unloa idk?d?d with a p value. diffemm are not ti-y rigni6mt (p>O.ow. based 00 * tw&ailad teat 

for a Poiron variable. 

those who quit smoking compared with those who continued. For all- 
cause mortality, the relative risk was 0.73 or a 27 percent lower risk 
for those who quit compared with those who continued to smoke. 

As demonstrated in subsequent portions of Table 8, when these 
subjects are analyzed according to level of smoking at entry or by 
status in the SI or the UC group, those who quit smoking always 
enjoyed a substantially more favorable survival rate than those who 
didn’t quit. 

Thus, MRFIT data are entirely consistent with the numerous 
previous studies showing that those who quit cigarette smoking 
enjoy a substantially improved survival. 

In conclusion, the MRFIT study has shown that it is possible to 
apply an intensive long-term intervention program against three 



coronary risk factors with considerable success in risk factor 
changes. These results are accompanied by an apparent heterogenei- 
ty of effects among sizable subgroups, and there must be caution in 
reaching conclusions from such subgroup data. It may be relevant 
that multifactor intervention received a less than optimal test, 
owing in part to unexpected declines in risk factor levels and in part 
to lower-thanexpected mortality in the UC group. In regard to the 
former, the UC men thus constituted to a considerable extent a 
“treated” group. 

Whitehall Civil Servant8 Study 
A randomized controlled trial was set up to provide an unbiased 

estimate of the consequences of smoking cessation in middle-aged 
men (SO, 51). A total of 1,445 male cigarette smokers with an 
especially high cardiorespiratory risk were selected from 16,016 men 
aged 40 to 59 who had undergone a cardiorespiratory screening 
examination in the Whitehall study of male civil servants in London. 
Using a modification of the multivariate linear discriminant func- 
tion coefficients that were calculated for predicting coronary heart 
disease (CHD) among the Framingham men aged 30 to 62, a risk 
score was similarly calculated for each man who smoked five or more 
cigarettes a day. This score ranked the smokers according to their 
estimated risk of major illness or death from cardiorespiratory 
disease. The distribution of the score was tested early in the study, 
and a cutoff point was determined such that the scores of 10 percent 
of all men and 32 percent of smokers were eligible and exceeded this 
value, which was thereafter used to define eligibility for the trial. 

Men receiving medical care for heart disease or elevated blood 
pressure, those found to have either severe hypertension or diabetes 
mellitus, and those with major concomitant disease were excluded 
from the trial. Additionally, all men taking psychotropic drugs or 
with a record of previous psychiatric inpatient treatment were 
eliminated. If during the l-year interval between initial screening 
and trial interview they had died, moved away, or stopped smoking, 
they were then not eligible for the study. The remaining 1,445 high 
risk eligible cigarette smokers were randomly allocated to study 
groups; 714 men composed the intervention group, and 731 men were 
in the normal care group. 

Men in the intervention group were recalled for a series of 
personal interviews with the physician. First, each received a letter 
inviting him to an appointment to discuss the results of his previous 
examination. At that visit the reason for recall was presented: 
evidence in his particular case that smoking represented more than 
the average risk to his future health, not the discovery of disease. 
The scientific evidence that stopping smoking was likely to bring 
benefits was explained and illustrated by charts, with the emphasis 



’ ’ * ’ ’ ’ ’ 1 
0 5 

YEARS OF FOLLOWUP 

1 

10 

FIGURE 2.-Mean daily cigarette consumption by year of 
followup for the Whitehall intervention study 

SOURCE: Rae et al. (51). 

throughout on  the evidence for the positive benefits and practicali- 
ties of stopping rather than on the hazards of continuing to smoke. 

A full report of the screening examination results and information 
that further action was in his hands was sent to the practitioners of 
men in the normal care groups. The men were not made aware that 
they were involved in a  trial. At the l-year and 3-year points in the 
study, they were asked to return for an  examination to help 
research. Examinations were popular because most men saw them as 
beneficial checkups. The questionnaire response rates among survi- 
vors were 84 percent at 1  year and 83 percent at 9  years. Dropouts 
were ma inly retirees. The proportion of responders in the interven- 
tion group who were not smoking any cigarettes was 63 percent at 1  
year, decreasing to 55 percent at 9  years; initially, all of those in the 
study were smokers. F igure 2  shows the trends in stated numbers of 
cigarettes smoked in the intervention group. After 1  year, consump 
tion in the intervention group was one-quarter of the normal care 
group level. By 9  years, the estimate of cigarette consumption for 
intervention men was 70 percent of that for the normal care 
controls. Over the 10 years, the net apparent reduction in the 
intervention group averaged 7.6 cigarettes/day (-53 percent), com- 
pared with the control level, as shown in F igure 2  and Table 4. 

During the 10 years of followup, there were 128 deaths in the 
control group compared with about 130 deaths expected from the 
age-specific rates for England and W a les in 1974, as shown in Table 
9. The fact that all men entering the trial were high risk smokers 
should have increased the observed deaths, but this may have been 
offset by the “healthy worker” effect in an  occupational study group 
or by the selection process that excluded very sick men. Deaths were 
also close to national levels for coronary heart disease (111 observed, 
94  expected), lung cancer (42 observed, 35  expected), and other 
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TABLE 6.-Summary of deaths and intervention/control 
differences from coronary heart disease, all 
other causes, and all causes in four randomized 
controlled tri& 

Percentage 

Diaeaae 
Olmxved deaths in Expect4 deaths bawd difkren~ ’ 
intervention group on control group (O-EVE 

Cmonary heart disease 

Whitehall 
Old0 
WHO 

Unweighted total 

All other canaea 

Whitehall 
OElO 
WHO 

Unweighed total 

115 123.6 -7.1 
49 60.6 -19.1 

6 13.3 -55.4 
367 396.4 -7.4 
537 594.1 -9.6(p=.O2) 

150 135.8 t10.5 
74 64.4 f14.9 
10 9.1 +3.1 

630 627.7 +0.4 
864 837.6 +3.2 

All cauea 
265 259.6 +2.1 

whitehau 123 125.0 -1.6 
CM0 16 23.0 -30.6 
WHO 997 1024.1 -2.7 

Unweighted total 1401 1431.7 -2.1 

’ Unlsss indicated with a p value. difYerenoes are not statistically aignifiamt (p > 0.06). bawd on a twotailed tent 
for a Poiemn variable. 

cancers (40 observed, 41 expected). Seventy-two percent of deaths 
occurred in a hospital, and in 45 percent there was an autopsy. 
Additional data were obtained from the National Cancer Register of 
cases histologically confirmed either by biopsy or at autopsy for 
deaths from other causes. 

Table 5 shows that the USyear CHD death rate was 8.5 percent (62 
deaths) for the normal care group and 6.9 percent (49 deaths) for the 
intervention group, a proportionate change of -19 percent (95 
percent confidence limit of -43 to + 18 percent). Among the 369 men 
who entered the trial with evidence of myocardial ischemia (angina 
pectoris, history of possible myocardial infarction, or positive electro- 
cardiogram) the reduction was -23 percent compared with -11 
percent in those without such evidence. The number of deaths from 
cardiovascular causes other than CHD was 12 in the normal care 
group and 13 in the intervention group. 

Mortality from all causes was initially higher (though not signifi- 
cantly so) in the intervention group, but during the last 6 years of 
the trial, the rates were higher in the normal care group. During the 
whole 10 years, 123 intervention men (17.2 percent) died, compared 
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with 128 (17.5 percent) of the normal care group-a proportionate 
change of -2 percent (95 percent confidence limits of -22 percent to 
+23 percent). Causes of death were also grouped according to 
whether or not they were smoking related. The smoking-related 
causes included coronary heart disease, chronic bronchitis, and 
cancers of the respiratory tract, esophagus, urinary tract, and 
pancreas. There were 92 such deaths in the normal care group and 
81 in the intervention group, a proportionate change of -9 percent 
(95 percent confidence levels of -31 percent to +20 percent). 

The trial was designed to test whether the total reduction in 
cardiorespiratory disease among middle-aged men was as large as 
that indicated by the observational studies of ex-smokers. Its size was 
planned in the expectation that incidence as well as mortality data 
would be available; when this proved unattainable, the resultant loss 
of power was partly offset by extending the mortality followup to 10 
years. 

At l-year followup, almost twothirds of the intervention subjects 
had given up cigarettes altogether, while others claimed to be 
smoking less than before. Unlike the MRFIT study, objective tests of 
smoking behavior were not made here. However, the authors felt 
that those who reported complete cessation were generally truthful, 
while those claiming to have cut down may have been exaggerating. 
The reports were based on questionnaires completed at home, with 
little external pressure; they were largely consistent over the 
ensuing years. The progressively narrowing gap between the two 
groups was due mainly to a gradual reduction in smoking by the 
normal care men. Although the size of the gap may have been 
overestimated, there is no doubt that throughout the earlier years of 
the trial it was large. 

Over the trial as a whole, the intervention group’s level of total 
smoking exposure was estimated as about half that of the normal 
care group, implying that the effects of complete cessation might be 
substantially more than those observed in the trial. The results for 
total mortality represented the approximate balance of a favorable 
trend for smoking-related diseases and an adverse trend for non-lung 
cancers. After an exhaustive analysis of the data, the Whitehall 
investigators think the difference in non-lung-cancer mortality in 
this trial was more likely due to chance than to an effect of 
intervention. Such evidence as there is for the latter view should be 
considered as a hypothesis for further study, not as the basis for 
conclusions or for any recommendation to smokers. 

Oslo Study 
The purpose of the Oslo study was to find out whether the 

cessation of smoking and the lowering of high levels of blood lipids by 
dietary changes, if maintained for many years, would lead to 
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reduction in the incidence of first attacks of CHD in men aged 40 to 
49 (26, 27, 28). All Oslo men aged 40 to 49 were invited for screening 
of coronary risk factors during 1972-73, and 65 percent (16,202 men) 
attended. From this cohort, healthy normotensive men were selected 
for a controlled trial if they had serum cholesterol levels (mean of 
two measurements) of 290 to 380 mg/dl, coronary risk scores (based 
on cholesterol levels, smoking habits, and blood pressure) in the 
upper quartile of the distribution, and systolic blood pressures (mean 
of two measurements) below 150 mm Hg. Those selected had normal 
ECGs at rest and were free of any cardiovascular disease, chest pain 
on exercise, clinical diabetes mellitus, fasting blood sugar levels 
above 135 mg/dl, cancer, disabling disease, psychopathological 
disease, and alcoholism. 

Men who met the selection criteria were sent a letter explaining 
the experimental design of the trial; 97 percent were found willing to 
participate. There were no significant differences between the 
intervention and control groups for subject factors such as age, 
history of CHD symptoms, cigarette consumption and smoking 
status, serum cholesterol and triglyceride, systolic blood pressure, 
and diet. After the screening examination, two reexaminations were 
made before randomization, the first of these when the subjects were 
fasting. 

Each of the men in the intervention group was individually talked 
with for 10 to 15 minutes by the investigator and introduced to the 
risk factor concept and the purpose of the study. Anti-smoking 
advice was given individually to all smokers in the intervention 
group. They were informed that cessation of smoking might be of 
special importance for those with high blood lipid levels. In addition, 
the dietitian established a diet record for each man and gave 
extensive dietary advice based on this record. Other risk factors were 
not subjected to intervention. Followup exams were made every 6 
months for intervention subjects and every 12 months for controls. 

The intervention of advice on smoking and eating habits resulted 
in changes in risk variables. Tobacco consumption, expressed as the 
number of cigarettes smoked per man per day, fell about 45 percent 
more in the intervention group than in the controls, as seen in Table 
4. Pipe smoking was included, taking one pack of pipe tobacco 
weekly to equal seven cigarettes daily. The percentage of cigarette 
smokers fell by only 16 percent more. The data were assessed by a 
questionnaire and by the thiocyanate method. The mean difference 
in serum cholesterol between the two groups during the 5 years was 
13 percent. 

As the design of the study was based on CHD evidence, events of 
myocardial infarction (MI) plus sudden death were most important. 
CHD mortality (fatal MI plus sudden coronary deaths) was 55 
percent lower in the intervention group as compared with the 
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TABLE 7.-Comparison of coronary heart disease incidence 
rates 69 and cases (n) in two randomized 
controlled trials 

Intervention group 

n nl 

control group PerCentage 

rc nc difference ’ 

Oslo: 6-year rem& 
Fatal Ml and 

sudden deaths coronary 
Nonfatal MI 

Total CHD incidence 

WHO: 6year results 
Fatal MI and 

sudden deaths cmonmy 
Nonfatal MI 

Total CHD incidence 

.0099 6 a222 14 55.4 
0215 13 .0350 22 -36.6 

.0314 19 .Il573 36 -452(p=.O3) 

.0150 367 .0162 355 -7.4 

.0195 406 .0203 401 3.9 

.0316 773 II331 756 -3.9 

‘Unlem indicatsd with a p value. ditkeness are not statistically significmt (p>O.OS). bawd on a twckGhl test 
for a Poimon variable. 

control group, but the difference was not statistically significant 
(p>O.O5), as shown in Tables 5 and 7. Total CHD incidence, which 
included fatal and nonfatal MI and sudden death, was 45 percent 
lower in the intervention group than in the control group, and this 
difference was significant (p < 0.051, as shown in Table 7. This is the 
only trial to date to show a significant reduction in CHD incidence. 
All cases of sudden death satisfied the diagnostic criteria for 
coronary death except one unexplained sudden death. The total 
coronary deaths, which included fatal MI and sudden death, were 
lower, but not significantly lower in the intervention group than in 
the control group. 

An estimate was made of the proportion of the difference in total 
CHD incidence between the two groups (36 versus 19 cases) due to 
the reduction in cigarette consumption and of the proportion due to 
the reduction in serum cholesterol using logistical regression tech- 
niques (28). The percentage of the decline in incidence that was due 
to reduction in cigarette consumption was estimated to be 26 percent 
among smokers only, predicting a difference between groups of 3.9 
cases, out of a total difference of 17 CHD cases. Similar procedures 
indicated that the percentage due to cholesterol changes was 60 
percent for all men, predicting a difference in CHD incidence of 10.1 
cases. It seems, therefore, that the change in cigarette consumption 
caused about 25 percent of the difference in CHD incidence between 
the two groups and that the difference was due mainly to the 
reduction in serum cholesterol. The difference between the groups 
was 17 cases: 14 can be explained by this analysis, and the other 3 
cases may be due to unexplained intervention effects or to chance. 

313 



Community-Based Intervention Trials 
WHO European Collabomtive Trial 

As set out in the recent WHO report on the prevention of coronary 
heart disease (701, effective prevention must involve the population 
as a whole: A high incidence in the population reflects a mass 
elevation of risk factors, and most cases of the disease occur in the 
large number of people with moderate elevations rather than in the 
high risk minority. The first issue of public health policy, therefore, 
is to know the effect of population-based prevention, using resources 
that could reasonably be afforded. Thus, a trial of CHD prevention 
has been undertaken by collaborators in Belgium, Italy, Poland, 
Spain, and the United Kingdom (68, 69). It involved the random 
allocation of 44 factory pairs, employing 63,732 men aged 40 to 59, 
either to a cardiovascular screening and health education interven- 
tion program or to a control group. Separate analyses have been 
prepared for Belgium factories (35,36) and United Kingdom factories 
(52,531, but these subgroups are not discussed in detail here. 

Randomization of individuals in a trial of community health 
education is not feasible, so a somewhat unusual design was used 
that randomized entire communities, which in this trial were 
factories or other large industrial groups. They were arranged in 
matched pairs and randomized, one to intervention and the other to 
serve as a control. All men aged 40 to 59 in the intervention factories 
were invited to complete a questionnaire and take part in a simple 
cardiovascular screening examination during working hours; 87 
percent responded. On the basis of a multifactorial scoring system 
for risk factor levels (age, job activity, cigarettes smoked per day, 
systolic blood pressure, and serum cholesterol), 15 percent or more of 
the men in each factory were designated as high risk. A general 
campaign of risk factor modification was undertaken with posters, 
brochures, personal letters, progress charts, and group discussions 
and included advice on reducing or stopping cigarette smoking, 
losing weight, lowering serum cholesterol, and increasing leisure 
physical activity. The high risk men received more individual 
attention, in addition to the general educational program, including 
a series of personal sessions with the factory or project physician. All 
men with mild hypertension were treated with diuretics or other 
drugs in the factory or were referred to a personal physician. Drugs 
were not employed to lower serum cholesterol. Annually, a random 
sample of men was rescreened. All high risk men were seen at every 
anniversary in some centers, or in other centers, at particular 
anniversaries. All men remaining in employment at the end of the 5- 
or 6-year intervention period were offered a final examination. 

In the control factories, a 10 percent random sample of men was 
screened initially, and the same 10 percent were asked to return 
after 2 years, again at 4 years, and then at the final screening at 5 or 
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6 years, when all remaining men in the original cohort, aged 40 to 59 
at the start, were offered screening. It was therefore possible to 
compare risk factor levels at the start between all screened 
intervention men and 10 percent of controls, between a 5 percent 
random sample or more of the intervention men and the same 10 
percent of the controls at 2 years and 4 years, and between all 
remaining men in both sets of factories at the final screening. 
Numbers were reduced by death, by leaving employment, and by 
nonresponse to the invitation on the screening day. The risk factor 
score used in each intervention factory to designate high risk men 
was applied to the 10 percent of the screened men in the paired 
control factory in order to identify those who would act as high risk 
controls for purposes of measuring risk factor change. Incidence and 
mortality results are now available (69) from this controlled trial, 
involving randomization of 66 factories (49,781 men) in the United 
Kingdom, Belgium, Italy, and Poland (Cracow). Results for Poland 
(Warsaw) are not yet complete, and the results have been separately 
presented for the United Kingdom (53) and Belgium (35). Net 
average reductions in risk factors (all subjects) were 8.9 percent for 
daily cigarettes, 1.2 percent for serum cholesterol, 0.4 percent for 
weight, 2.0 percent for systolic blood pressure, and 11.1 percent for a 
combined CHD risk estimate. Greater reductions occurred in high 
risk subjects (19.4 percent for the combined CHD risk estimate). 

Tables 5 and 7 show that the net overall changes in CHD rates 
were -7.4 percent (95 percent confidence interval from -29 to +15 
percent) for deaths (722 deaths) and -3.9 percent (95 percent 
confidence interval from -10 to +2 percent) for fatal CHD plus 
nonfatal myocardial infarction (1,502 cases). Among men aged 40 to 
49 the reduction for this end-point was 15 percent; at ages 50 to 59 
there was a small net increase. Deaths from all causes after an early 
adverse trend showed a -2.7 percent change overall. There were 
large differences between centers, ranging from a 5 percent net 
increase in CHD for the United Kingdom to a decrease of 24 percent 
in Belgium. In Belgium the decrease both in CHD incidence and in 
all deaths was significant at the 5 percent level (35). The effect on 
CHD in the different centers correlated broadly with their changes 
in risk factors. The authors concluded that a reduction in major 
coronary risk factors in industrial populations is possible, but it 
depends on adequate resources. The results support the hypotheses 
that CHD risk in middle-aged men is reversible and that community 
intervention can be beneficial; however, additional followup is 
necessary to determine if there are statistically significant reduc- 
tions in CHD and total mortality commensurate with the risk factor 
changes in the entire factory population. 
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North Karelia Study 
The purpose of the North Karelia, Finland, project was to provide 

a systematic comprehensive community program to reduce the 
currently high mortality and morbidity from CHD, primarily by 
reducing the known cardiovascular risk factors of smoking, serum 
cholesterol, and blood pressure, while promoting early detection, 
treatment, and rehabilitation in people with severe CHD (48, 54,Ss). 
The focus was on middle-aged males; women were included, but are 
not discussed here. A further test was made of the feasibility and the 
effect of this approach in the control of CHD and other health 
problems on a nationwide level. 

Baseline data concerning cardiovascular diseases and their main 
risk factors in the target community of North Karelia and in the 
control area of Kuopio were studied in detail. To do this, a 
representative random 6.6 percent sample was drawn for the 1972 
population of the two communities by using the national population 
register. The sample comprised men and women born during 1913 to 
1947 (then aged 25 to 59). About 52 percent of the men in the study 
were current smokers, and each smoker consumed an average of 18 
cigarettes per day. Their mean levels of serum cholesterol and blood 
pressure were above normal, as seen in Table 4. 

Owing to the high general level of the known CHD risk factors in 
this population, a comprehensive program was integrated into the 
health and social services of the community. The program consisted 
of (1) information given to the public, especially about the practical 
activities directed toward the risk factors in the community, by 
means of media (newspapers, radio, leaflets, posters, and stickers) 
and at health information education meetings and public campaigns, 
schools, and places of work; (2) organization of services by systemati- 
cally integrating the program into existing services and creating new 
services when necessary, such as special supporting services for 
stopping smoking; (3) training personnel for the special practical 
tasks of the program; (4) environmental services to support the 
desired lifestyle, for example, with regard to smoking restrictions; 
and (5) internal information services to support registers for 
hypertension, myocardial infarction, and stroke and to help with 
followup surveys. 

No differences were found in the prevalence of smoking between 
the target area and the control area at the beginning of the study in 
1972. By 1977, there was a nonsignificant net reduction of 2.5 
percent in the prevalence of smoking among North Karelia men 
relative to the control men. But when the reported amount of 
smoking was taken into account, a net 9.8 percent reduction was 
significant. This was a result of the finding that in 1972 North 
Karelian men smoked more than did those in the control area. There 
was a highly significant 4.1 percent net reduction of mean serum 



TABLE 8.-Death rates and relative risk of death in those 
MRFIT subjects who quit at 1 year and those 
who continued smoking (average further 
followup, 6 years) 

Smoking status 
at entry 

Smoking status 
at year 1 

No. No. 
quit continued 

CHD death rates Total death rates 

Percent Percent Percent Percent 
quit continued quit continued 

By level of smoking 
l-29 cigs/day 613 1,627 
230 cigdday 752 4,471 

By group status 
Special intervention 991 2,642 
usual care 374 3,456 

Total I.365 6,298 

Relative risk of death (quit/continued) 

1.47 2.30 3.43 4.27 
0.80 1.92 3.06 4.47 

1.11 2.04 2.93 4.68 
1.07 2.03 4.01 4.20 

1.10 2.03 3.22 4.41 

By level of smoking 
l-29 &s/day 
230 cigslday 

By group status 
Special intervention 
usual care 

Total 

0.64 0.80 
0.42 0.68 

0.54 0.63 
0.53 0.95 

0.64 0.73 

cholesterol concentrations in the North Karelia men. At the start of 
the study, the mean serum cholesterol concentrations were higher in 
people in North Karelia than in the control area. There was a highly 
significant net reduction in systolic blood pressure from baseline for 
the North Karelia men. The prevalence of raised values in 1972 was 
similar among men in the two areas, and the net reduction in the 
prevalence of raised values in North Karelia was substantial and 
highly significant. 

The estimates of CHD risk showed that in 1972 the North 
Karelians had a higher mean risk score than did the population in 
the control area. During the followup period, this difference was 
reversed among the men and there was a highly significant net 
reduction in the estimated CHD risk in North Karelia of 17.4 percent 
among the men. However, there were no significant relative 
reductions in CHD or total mortality among the North Karelia men 
compared with the control men as of 1977. However, a more recent 
analysis of mortality trends in Finland suggests that a longer period 
of followup may yield some significant relative reductions (55). 
Because of the different methodology used, the mortality results 
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TABLE 9.-Observed deaths in MRFIT and Whitehall 
studies and expected deaths based on general 
population and Framingham death rates 

Study 

Coronary heart disense All causes 

observed Expected ObeeNd Expected 
in UC group (U.S. males) SMR in UC group (U.S. males) SMR 

(1979) (1979) 

MRFIT study 
UC group (n=643a) 
Yl?M 

1 
2 

M 
7 

l-7 

9 -19 
20 -20 
75 -a7 
20 -24 

124 -150 

l-7 

UC smokers (n=4091) 

Yema l-7 

124 -220 

(U.S. males) 
(lgw 

a9 -95 

47 17 -48 35 
100 31 -50 62 

a6 171 -223 77 
a3 41 -63 65 
a3 260 -384 68 

fl+WiWh) 

56 260 -516 50 

(U.S. male43~ 
(1979) 

94 190 -244 78 

Whitehall study (English males) (English males) 
NC group (n=731) (1974) (1974) 

Years l-10 62 -48 129 128 -130 98 

from this study have not been summarized in Tables 5 and 6, but the 
risk factor changes are shown in Table 4. 

Comparison of Resutts From Intervention Trials and 
Epidemiologic Studies 

Table 10 summarizes the expected reduction in CHD and total 
mortality for former smokers who stopped for 1 to 4 years or for 5 to 
9 years, based on the three major observational studies in Table 1 
(10, II, 20, 49). This shows that, relative to current smokers, former 
smokers who have stopped for 1 to 9 years have a CHD mortality 
rate that is 25 percent less and a total mortality rate that is 18 
percent less, in approximate terms. The cigarette smokers in the 
MRFIT and Whitehall studies have been subjected to smoking 
cessation intervention as the sole, or as a major, risk factor change. 
As seen in Table 4, smoking reduction in the intervention group 
relative to the control group was 31 percent in MRFIT and 54 
percent in the Whitehall study, for an average reduction of about 40 
percent in proportion of current smokers. This means that the 
expected reduction in mortality should be about 40 percent of that 
associated with total cessation; in other words, 10 percent for CHD 
mortality and 7 percent for total mortality. Combining the observed 
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TABLE lO.-Comparison of reductions in CHD and total mortality from observational studies of former 
smokers and from MRFIT and Whitehall intervention studies 

Coronary heart disease Total mortality 

British ACS U.S. British ACS U.S. 
physicians 25-State veterans Average physicians 25-state veterans Average 

Current smokers 
Former smokers. 14 yrs 
Former smokers, 5-9 yrs 
Average former smokers, l-9 ym 
Percentage reduction. former smokers, l-9 yrs 
Percentage reduction, -40% former smokers 

MRFIT smokers at SI (Table 7) 
Whitehall smokers (Table 5) 

Unweighted total 
95% confidence interval 

1.00 1.00 
,744 ,613 
,667 ,544 

01 Et 

a6 89.4 
49 60.6 

135 150.0 

l.Kl 1.00 
,854 ,737 
.a73 ,766 

,753 
-24.7% 

-9.9% 

%difl lO-EVE 

-3.7% 
-19 1% 

-10.0% 
-2490-+790 

1.00 1.00 
.701 ,934 
,661 ,773 

01 P 

201 190.4 
123 125.0 

324 315.4 

1.00 1.00 
,667 .a34 
.a09 .a14 

.a24 
-17.6% 

-7.0% 

%difffO-EYE 

+5.6% 
-1.6% 

+2.7% 
4%-+ 15% 



deaths from these two intervention groups shows a change in CHD 
mortality of -10 percent (95 percent CI from -26 percent to +6 
percent) and a change in total mortality of +2.7 percent (95 percent 
CI from -9 percent to +14 percent). Thus, these two trials have 
yielded a result after 5 to 10 years of followup that is in good 
agreement with the observational studies for CHD deaths, but is not 
particularly close for total mortality. Because of the fairly large 95 
percent confidence interval, the intervention results are consistent 
both with the observational studies and with no change at all. It 
must be noted that in MRFIT, other risk factor interventions took 
place on blood pressure and cholesterol, and interpretation of the 
results has raised the real possibility that an adverse effect on 
survival was associated with anti-hypertensive efforts in a specific 
subgroup of hypertensive patients, a finding which, if true, might 
mask a larger beneficial effect of smoking cessation. 

As previously noted and as shown in Table 8, an analysis of 
survival in MRFIT participants who had been smokers at entry, 
demonstrates that those who quit at year 1 of followup had a 46 
percent lower CHD mortality and a 27 percent lower allcause 
mortality than those smokers who did not quit at year 1. This is 
further powerful evidence consistent with substantial improvement 
of survival associated with the cessation of cigarette smoking. 

Conclusions 
1. In the four intervention trials involving mortality followup of 

individual men for 5 to 10 years, the intervention groups had a 
combined total of 10 percent fewer CHD deaths than did the 
comparable control groups. Differences for other causes of death 
or for total deaths were not significant. 

2. In these trials, the amount of cigarette smoking has been 
reduced 10 to 50 percent more in the intervention group than in 
the control group, demonstrating that intervention can alter 
smoking behavior. 

3. In the two trials involving morbidity followup, the intervention 
groups had 4 and 45 percent lower total CHD incidence than did 
the respective control groups. 

4. The relative reductions in CHD mortality in each of the four 
intervention studies involving individual followup are reason- 
ably consistent with the reduction in CHD risk factors, and for a 
combination of all four studies, the reduction is statistically 
significant. 

5. Numerous studies have shown that those who quit cigarette 
smoking experience a substantial decrease in CHD mortality 
and an improvement in life expectancy. 
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6. A number of prospective epidemiological studies indicate that 
former cigarette smokers substantially reduce their CHD and 
total death rates from that of current smokers. 
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